Background: Severe pain after surgery remains a major problem, occurring in 20-40% of patients. Despite numerous published studies, the degree of pain following many types of surgery in everyday clinical practice is unknown. To improve postoperative pain therapy and develop procedurespecific, optimized pain-treatment protocols, types of surgery that may result in severe postoperative pain in everyday practice must first be identified. Methods: This study considered 115,775 patients from 578 surgical wards in 105 German hospitals. A total of 70,764 patients met the inclusion criteria. On the first postoperative day, patients were asked to rate their worst pain intensity since surgery (numeric rating scale, 0-10). All surgical procedures were assigned to 529 well-defined groups. When a group contained fewer than 20 patients, the data were excluded from analysis. Finally, 50,523 patients from 179 surgical groups were compared. Results: The 40 procedures with the highest pain scores (median numeric rating scale, 6-7) included 22 orthopedic/trauma procedures on the extremities. Patients reported high pain scores after many "minor" surgical procedures, including appendectomy, cholecystectomy, hemorrhoidectomy, and tonsillectomy, which ranked among the 25 procedures with highest pain intensities. A number of "major"
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abdominal surgeries resulted in comparatively low pain scores, often because of sufficient epidural analgesia. Conclusions: Several common minor-to medium-level surgical procedures, including some with laparoscopic approaches, resulted in unexpectedly high levels of postoperative pain. To reduce the number of patients suffering from severe pain, patients undergoing so-called minor surgery should be monitored more closely, and postsurgical pain treatment needs to comply with existing procedure-specific pain-treatment recommendations.
S EvErE postoperative pain remains a widespread but still underestimated problem. Extensive studies have demonstrated that despite present-day improvements in pain treatment, many patients still suffer from moderate to severe postoperative pain. 1, 2 Severe pain is associated with decreased patient satisfaction, delayed postoperative ambulation, the development of chronic postoperative pain, 3 an increased incidence of pulmonary 4, 5 and cardiac complications, 6 and increased morbidity and mortality. 7 Therefore, it is of great importance that surgical procedures that result in severe pain and optimal analgesic strategies for these procedures can be identified.
To date, no comprehensive comparison of pain intensities among surgical procedures has been performed. One reason is a lack of pain studies for surgical procedures that are performed infrequently or for "minor" procedures that have been assumed to result in little or no postoperative pain. Another problem is the variability of pain assessment methods between studies, including different time periods for data collection and/or different types of pain measurements such as "pain on movement" or "pain at rest." 8 We hypothesized that a systematic and standardized comparison of pain after all types of surgery might identify procedures where patients suffer from severe postoperative pain and could benefit from additional pain-treatment modalities such as regional anesthesia (rA). In this cohort study, we aimed to provide an estimate of pain intensities that can be expected after most types of surgical procedures in relation to the applied pain treatment and to identify procedures where current pain therapy is likely to be insufficient.
Materials and Methods

Quality Improvement in Postoperative Pain Treatment Registry
The present cohort study was part of the Quality Improvement in Postoperative Pain Treatment (QUIPS) registry. The QUIPS registry was started as a benchmark initiative to compare pain outcome parameters among participating German hospitals. This study was supported by the German Society of Anesthesiologists, the German Society of Surgeons, and their professional organizations. 9 Each surgical patient completed the validated 15-item QUIPS questionnaire. Worst pain intensity since surgery and pain during movement were measured using a numeric rating scale (NrS) of 0-10 (0 = no pain and 10 = worst pain imaginable). Further information on the type of surgery, anesthesia, and pain treatment was collected by study nurses.
The personnel were trained to collect data in a standardized manner and were not part of the responsible surgical or anesthesia team. To reduce selection bias, data collection took place on randomly selected days. These dates were not known in advance to the medical staff, and on a survey day all patients who had been operated on the day before were considered for inclusion. Approval was obtained from the University Ethics Committee of the University of Jena (Jena, Thuringia, Germany). All patients gave their written informed consent before entering the study.
Patients
All patients admitted between May 2004 and May 2010 were included in this analysis. Exclusion criteria as defined by the QUIPS project were as follows: The patient (1) has been transferred to another ward after surgery; (2) is not present in his or her room at the time of data collection or has been discharged; (3) refuses participation in the study; (4) cannot communicate in German; (5) has cognitive deficits; or (6) is sedated or asleep. Additional exclusion criteria for this study were (7) missing or incorrect German Surgical Procedure Coding (OPS), which precisely defines the type of surgery performed; (8) age younger than 18 years; and (9) only patients who completed the questionnaire on the first postoperative day were included.
Definition and Selection of Surgical Procedures
To compare pain intensities from various types of surgery, homogeneous surgical groups were created. The type of surgery was documented using the OPS, which includes some 21,000 surgical codes. These OPS codes were assigned to 529 surgical groups based on the extent of tissue lesions of the specific anatomic site as well as the surgical access method (e.g., laparoscopic, open, endoscopic). Minor differences in the extent of surgical lesions were assigned to one surgical group (e.g., partial thyroidectomy, hemithyroidectomy, total thyroidectomy). very rare operations such as retrosternal thyroidectomy with sternotomy were disregarded. The type of material used for fixation of fractures or type of prosthesis was not taken into account.
Surgical groups were selected for comparison when they contained at least 20 procedures. In selected cases, the minimum number of patients was set at 10 to allow comparison between open and laparoscopic surgeries and to permit procedures with particularly high pain scores (median worst pain NrS ≥ 6) to be shown.
For eight organ systems and surgical sites (e.g., eye, ear, and brain and skull surgery), insufficient numbers of patients were available to create homogeneous surgical groups. However, to permit analysis of as broad a spectrum of surgeries and surgical disciplines as possible, exceptions were made by pooling different types of these surgeries into heterogeneous groups.
The surgical codes of all patients were examined individually for the presence of multiple procedures. Thus, patients were excluded from the cholecystectomy group if an additional appendectomy was performed. Patients were also not included if they underwent a more extensive procedure than the one precisely defined by the surgical group (e.g., left hemicolectomy with an additional sigmoid resection).
Analgesics
Morphine equivalents were calculated to compare pain treatments for the different surgical procedures. The opioid consumption on the surgical ward after discharge from the postanesthesia care unit was measured. To calculate oral morphine equivalents, the following conversion factors were used: Iv morphine (3×), oral oxycodone (2×), piritramide (2×), tramadol (0.1×), meperidine (0.4×), oral hydromorphone (7.5×), Iv hydromorphone (22.5×), and Iv fentanyl (100×). The use of nonopioids was analyzed by comparing the application of none, one, or two different analgesics. 10, 11 
Statistical Analysis
The primary analysis of pain scores was descriptive. For each surgical group, median and interquartile range (IQr) are presented. The surgical groups are ranked by their median worst pain intensity since surgery. Surgical groups with the same median pain score were subranked according to their mean pain score.
For the initial ranking of pain intensities of surgery, the type of anesthesia was not considered because it was our aim to mirror the true everyday clinical situation. As rA is generally thought to result in lower pain scores, in a separate analysis, surgeries with general anesthesia (GA) alone (GA without any rA) and surgeries with rA (with or without GA) were examined separately. When information on the type of anesthesia was missing, patients were excluded from the comparison between the rA and GA groups. rA included epidural anesthesia (EA) with a catheter technique, peripheral nerve block (local anesthetic [LA] administered as a single injection or continuously via a catheter), and spinal anesthesia. To avoid very small patient groups, pain intensities of patients with rA were only shown when rA groups contained at least 10 patients. For analysis, statistical software package SPSS 20 (IBM Corp., Armonk, NY) was used.
Results
Data were collected from 115,775 surgical patients on 578 surgical wards in 105 German hospitals. Participating centers included primary, secondary, and tertiary hospitals.
Numbers and reasons for exclusion are presented in figure 1 . A total of 70,518 patients were eligible for further analysis. Gender and age distribution are listed in table 1. The median worst pain intensity since surgery was NrS 5.0 (IQr, 3.0-7.0) and pain during movement NrS 4.0 (IQr, 2.0-5.0). GA alone was applied in 53,066 patients (75.3%), rA with or without GA was applied in 6,015 patients (8.5%), and information on the type of anesthesia was missing for 11,437 patients (16.2% of the cases).
Comparison between Surgical Specialties
For comparison of surgical specialties, 69,815 patients were analyzed. In 703 cases, the surgical procedure could not be assigned to a particular department (e.g., biopsies, skin débridement, or diagnostic procedures). These were mainly minor surgical procedures. Pain intensities according to surgical discipline are presented in figure 2 . The high pain intensity of neurosurgery was mainly associated with spinal 
Comparison between Surgical Groups
A total of 50,199 patients were selected for comparison of pain intensities in 179 surgical groups. These included the following: (1) 164 homogeneous surgical groups comprising more than 20 patients; (2) seven groups with fewer than 20 patients; and (3) eight heterogeneous groups ( fig. 3 ). The distributions of pain scores for all 179 surgeries as well as fractions of patients with NrS greater than or equal to 6 and greater than or equal to 8 has been calculated (see Supplemental Digital Content 1, http://links.lww.com/ALN/A915, which is a table listing the distribution of the pain scores of all 179 surgical procedures).
Analgesic Use
Data on opioid use were recorded in 72% of cases. Patients without rA received opioids on the ward after discharge from the postanesthesia care unit in 38% of cases, compared to 39% of patients with rA.
In 79% of the cases, data on nonopioid use were available. Among these patients, none, one, and two nonopioid analgesics (e.g., acetaminophen, metamizol, nonsteroidal antiinflammatory drugs, cycoloxygenase-2 inhibitors) were used in 16.4%, 58.2%, and 25.4% of cases, respectively. In general, the higher the postoperative pain intensity, the more often one or two nonopioids were administered. In 49 of 179 surgical procedures, more than 20% of the patients did not receive nonopioid analgesics. These procedures were predominantly less painful surgeries that lay within the lowest one third of the pain ranking list. Orthopedic and trauma patients most frequently received a second nonopioid analgesic.
Major Thoracic/Abdominal Surgery
For a number of "major" open thoracic and abdominal surgeries, low pain scores with NrS less than or equal to 4 were reported. In those surgeries, the percentage in which EA was used was high, often 50% or more. The average opioid consumption of patients without EA in most of these surgical groups was greater than 35 mg: open left hemicolectomy (rank, 109), open lung resection (rank, 118), (sub)total gastrectomy (rank, 120), rectum resection (rank, 133), open adrenal surgery (rank, 136), total bladder resection (rank, 142), or radical prostatectomy (rank, 163).
Laparoscopic Surgery
In laparoscopic surgeries with high postoperative pain scores, comparably low opioid doses were used. These included incisional hernia repair (rank, 29; 15 ± 23 mg), appendectomy (rank, 47; 7 ± 18 mg), extrauterine pregnancy (rank, 57; 5 ± 12 mg), salpingo-oophorectomy (rank, 76; 2 ± 9 mg), myomectomy (rank, 78: 3 ± 8 mg), and cholecystectomy (rank, 94; 10 ± 25 mg). In the above-mentioned laparoscopic groups, on average, 72% of the patients did not receive any opioids.
Major Orthopedic Surgery
Three of the six surgeries with a median pain score of NrS 7 were major spinal procedures. Among the 40 highest ranked surgeries (median NrS 6 or 7) were 22 orthopedic/trauma Surgical Procedure-specific Pain Intensity surgeries on the extremities. In these groups, rA was used in only 537 of 3,462 cases (15.5%). 
Minor Orthopedic Surgery
Discussion
To our knowledge, this is the largest prospective cohort study to date comparing standardized pain intensity scores obtained after a wide range of surgical procedures performed in a large number of hospitals. This standardized assessment provides insight into the painfulness of everyday surgical interventions in relation to the treatment provided. Our findings show that, depending on the pain treatment received, in many surgical procedures the incision size and extent of tissue trauma were not related to postoperative pain intensity. On the one hand, above-knee amputation, open lung resection, total gastrectomy, mastectomy, or radical prostatectomy, which are certainly major procedures in terms of the extent of tissue trauma, all received sufficient pain treatment, as they resulted in median worst-pain scores of NrS 4 or less and ranked lower than position 115 for pain intensity. On the other hand, tonsillectomy, hemorrhoidectomy with plastic reconstruction, open appendectomy, and open cholecystectomy ranked among the highest 25 surgeries.
The mainstay of good acute pain treatment is careful individual titration of analgesics while minimizing adverse effects. It has repeatedly been demonstrated that medical staff commonly misjudge the pain intensity that patients are experiencing. 12, 13 Therefore, the administration of analgesics should be adjusted according to the individual patient's reported pain scores and desire for additional medication. In the present study, we were able to demonstrate that patients undergoing minor surgeries typically received no or low doses of opioids. However, many patients indicated high pain scores. It is thus conceivable that high pain intensities were often ignored or not taken seriously, so that analgesic administration was delayed and/or insufficient.
In most surgical groups, pain intensities after laparoscopic access were lower compared with the open route, as would be expected. [14] [15] [16] However, some laparoscopic surgeries were nevertheless associated with high postoperative pain intensities: after laparoscopic appendectomy, patients' pain ratings were similar to those after knee joint replacement and sternotomy. After many laparoscopic surgeries, patients often reported severe pain but did not receive any opioids at all or received opioids only in low doses, which supports the presumption that the painfulness of some laparoscopic interventions is underestimated.
Similar results were observed in "minor" surgeries of the hand and foot in orthopedics and traumatology: low amounts of opioid use indicate inadequate titration of analgesics and low percentages of rA demonstrate possibilities for future improvement of pain treatment in those surgeries.
Good pain relief was achieved after many major abdominal surgeries: a high incidence of use of EA and oral morphine equivalent doses of around 30-50 mg after discharge from the postanesthesia care unit resulted in acceptable worst-pain scores of NrS 4 for many procedures.
In contrast, major orthopedic surgery was frequently associated with high pain scores. Pain treatment after major spinal surgery (fusions and scoliosis surgery: ranks 2, 3, and 6) was commonly insufficient. EA had not been used, and mean opioid doses were low compared with those in trials using patient-controlled Iv analgesia that demonstrated an average consumption of 150 mg oral morphine equivalents within the first 24 hours. 17, 18 Even though open reduction of the calcaneus-the procedure with the highest pain score in this study-was associated with a comparatively high opioid administration of 40 mg, another trial demonstrated that patients used on average 167 mg Iv morphine via patientcontrolled anesthesia (approximately 500 mg oral morphine equivalents) during the first 24 h. 19 EA and peripheral nerve blocks are known to reduce postoperative pain intensity. 20 For many procedures, especially those that are known to cause severe postoperative pain, guidelines from many countries recommend the use of rA for postoperative pain control. [21] [22] [23] [24] Interestingly, however, for some procedures such as open reduction of a calcaneus fracture, which was ranked highest, effective pain-treatment alternatives such as sciatic nerve block were not used. 19 Additional examples where rA was neglected included open reconstruction of knee ligaments (rank, 15) and hemorrhoid resections with plastic reconstruction (rank, 23), which are both known to be painful procedures. Although randomized controlled trials (rCTs) have demonstrated clinically significant pain reduction after femoral nerve blocks 25 and wound infiltration with local anesthesia, 26 in our study population these techniques were hardly ever used.
There are some limitations of this study. First, we measured postoperative pain in surgical patients treated in hospitals from a single western European country. Thus, it was not possible to evaluate cross-national cultural influences on pain perception. Second, pain after reduction of fractures must be interpreted with care, as the type of fracture and soft-tissue damage are likely to influence postoperative pain. Third, participation in the benchmarking survey was entirely voluntary, and was associated with additional effort for the hospital. This factor may have resulted in a selection that influenced the generalizability of our findings, because the participating hospitals may be more actively striving to improve their postoperative pain management. This type of Gerbershagen et al.
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selection could have led to underestimation of the true incidence of inadequate postoperative pain relief. Fourth, for the majority of the surgical groups, many different hospitals contributed patient data sets ( fig. 3 ). Exceptions included sternotomy, laparoscopic and open vertical-sleeve gastrectomy, laparoscopic radical prostatectomy, and kidney transplantation, which were performed only in a subset of hospitals.
A number of risk factors are known to increase postoperative pain intensity (e.g., younger age, female sex, and the presence of preoperative pain). [27] [28] [29] Pain scores were intentionally not adjusted for these variables, because pain intensities within a surgical group should represent all patients who are typical of this patient cohort; otherwise, pain intensity in older men undergoing radical prostatectomy might be corrected to erroneously high scores, whereas younger patients after appendectomy might show erroneously low pain scores.
A strength of the presented data is that the German invoicing system for hospitals is based on OPS codes; thus, the accuracy of OPS documentation is strictly monitored in each hospital by the financial control system. Furthermore, incentives for hospitals to report lower pain scores than those reported by the patients in the QUIPS registry are unlikely, as the collected data are for internal use only and comparisons between hospitals are performed anonymously.
Pain intensities collected in cohort studies may differ from those obtained in rCTs. A rCT can be considered state-ofthe-art for identifying the best analgesic modality for a specific type of surgery. However, rCTs are of limited use to ascertain the degree of postoperative pain after a particular procedure in everyday clinical practice, as estimates obtained from rCTs may be considerably biased. For example, rCT participants usually have easy access to rescue medication or receive additional Iv patient-controlled anesthesia pumps. Most rCTs have generous exclusion criteria (e.g., medical and mental comorbid conditions). These more favorable terms limit the generalizability of many rCTs that deal with postoperative pain. Integrating the results of rCTs with our results should demonstrate where the implementation of rCT recommendations may result in particular advantages for the patient and where this might not be the case. On the one hand, the use of sciatic nerve catheters after reduction of calcaneus fractures 19 or epidural catheters after spinal fusion and scoliosis surgery 30 (the two surgeries with the highest pain scores in this study population) may be of particular benefit. On the other hand, paravertebral nerve blocks have been shown in a meta-analysis to be superior to systemic analgesics after mastectomy surgery. 31 However, in our study, patients without rA had low median worst-pain scores of NrS 3.
The aim of our pain ranking is not to assign a specific rank to a particular surgical procedure, as many procedures were associated with only minimal differences in mean pain scores. Consequently, the exact rank number has no clinical significance but is intended to simplify comparison between the large number of surgeries included in the study. The results offer a comprehensive and impartial view of postoperative pain intensity ratings. Estimates of postsurgical pain by medical staff members are mainly based on their clinical experience. Physicians and nurses may underestimate the patient's requirement for analgesic medication, especially after so-called minor surgical procedures. Awareness of the average postoperative pain intensity after various procedures may thus contribute to improved postoperative care by facilitating the implementation of procedure-specific pain-treatment protocols.
In conclusion, this cohort study demonstrates that for a large number of everyday surgical procedures, many patients experience high postoperative pain intensities. Some laparoscopic procedures and "minor" surgeries involving small incisions require additional vigilance. This study reveals a number of surgeries associated with high pain scores where more frequent adherence to evidence-based pain-treatment recommendations could improve quality of care. By incorporating these measures into comprehensive postoperative pain protocols, the adverse effects of inadequate pain control may be reduced or prevented.
